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Background and Purpose: The number of people living with an amputation in the United States is rising 
at a rate of almost 200,000 cases a year [1]. The incidence of low back pain (LBP) in individuals with 
lower limb amputation (LLA) has been shown to be much greater than in the general population at 52%-
72% [2-4]. High amputation level, disuse, and abnormal movement patterns associated with prosthetic 
gait have been theorized to lead to decreased lower back muscle performance, contributing to the high 
prevalence of LBP in individuals with LLA [5-7]. However, lumbar muscle morphology and performance 
have not been examined in those with comorbid LLA and LBP. Therefore, the purpose of this study was 
to investigate the anatomical and functional characteristics of the lumbar muscles in individuals with 
unilateral LLA with and without LBP, and age-matched non-amputee controls. We compared the lumbar 
multifidus muscle cross-sectional area (CSA) and thickness, and spinal extensor muscle strength and 
endurance between amputees with and without histories of LBP.   
 
Participants: This study included 11 participants, with 3 participants in each of the following groups: 
LLA without LBP (3 male, age=43.67±7.77 years, height=171.87±5.29 cm, weight=81.04±22.23 kg), 
LLA with LBP (3 male, age=64±13.08 years, height=180.34±5.08 cm, weight=76.66±8.02 kg), and 5 
age-matched participants without LLA or LBP serving as the control group (5 male, age=45.4±7.47 years, 
height=178.82±8.15 cm, weight=87.82±12.11 kg). Participants were classified into the LBP group if they 
had experienced at least one episode of activity limiting LBP within the previous 12 months.  
 
Methods: On the day of testing, participants were asked to complete the following 5 questionnaires: the 
Oswestry Low Back Pain Disability Questionnaire, SF-36, PROMIS-29, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), and Houghton Scale of Prosthetic Use (Houghton Scale) [8-
13]. In addition to these questionnaires, a visual analogue score (VAS) was used to identify current, best, 
and worst pain levels. Ultrasound imaging was used to measure multifidus cross-sectional area (MF CSA) 
and thickness. During imaging, participants assumed a prone position on a table with 0-5° of lumbar 
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lordosis (confirmed with inclinometry). For MF CSA, the imaging transducer was placed in the transverse 
plane with images captured bilaterally at L3-5 spinous process levels. For MF thickness, the transducer 
was placed in the longitudinal plane with images captured bilaterally at the level of L4 only. All images 
were analyzed using Image J software (ImageJ, 1.51m9, National Institutes of Health, USA). Test-retest 
reliability of the imaging and analysis procedures was established prior to data collection. Participants 
then completed a maximal effort back extension test using a dynamometer followed by a lumbar 
paraspinal endurance test following the Biering-Sorensen Protocol.   
 
Results: Average test time for the LLA with LBP group (32.66±52.50 sec) was significantly shorter than 
the LLA without LBP group (102.83±32.49 sec p=0.040). The LLA with LBP group reported 
significantly higher pain levels according to VAS scores over the previous year than both the control 
group and the LLA without LBP group (p=0.008 and p=0.006 respectively). Patient reported disability 
and functioning were significantly different when comparing LLA with LBP to healthy controls for the 
SF-36 Physical Functioning sub-set (p=0.033), Promis-29 Physical Function sub-set (p=0.036), and 
WOMAC (p=0.017). 
 
Discussion: Our findings suggested that individuals with LLA with LBP exhibited decreased spinal 
muscle endurance when compared to those with LLA but without LBP and the controls. This could be a 
contributing factor in the higher incidence of LBP among people with amputation as the MF are important 
spinal stabilizers during activity [14]. Our results agree with previous studies of in individuals with LBP 
that the rate of neuromuscular fatigue is significantly higher than those without LBP, leading to shorter 
Sorensen's times [15]. However, the causality of LBP and decreased lumbopelvic muscle performance 
could not be determined due to the cross-sectional nature of this study. Taken together we found that the 
LBP group had significantly more pain, decreased physical function and increased disability compared to 
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In the United States there are approximately 2 million people living with amputation, of those 
approximately 370,000 are above-the-knee amputations (AKA) equaling almost 20% of the population 
[16]. The total number of amputations is steadily rising with 185,000 new cases per year [17]. In the 
population of lower limb amputees, the prevalence rate of low back pain (LBP) is as high as 72% [18], 
compared to a lifetime prevalence rate of 38.9% in the general population [19]. People with amputations 
reported LBP as being a more significant factor than phantom or residual limb pain in limiting activities 
and ability to work [20]. The level of amputation also contributes to the prevalence of LBP. The AKA 
population experienced more LBP and greater disability compared to below-the-knee amputees [20, 21]. 
Currently, there is no clear evidence to explain why there is such a high incidence of LBP in the lower 
limb amputee population, specifically for those with AKA. 
 
Movement asymmetries and abnormality is one hypothesis underlying why individuals with a lower limb 
amputation (LLA) are more likely to develop LBP. A study conducted by Childs et al. revealed people 
without amputation who have LBP exhibit substantially higher side-to-side weight bearing asymmetry 
with increased levels of pain during standing [22]. Considering this asymmetry is present during quiet 
standing, when movement is added (i.e. during gait) this asymmetry may further exacerbate LBP in those 
with lower-limb amputations. One of the many differences that Wentink, E.C., et al. found in individuals 
with a unilateral amputation was they tend to have a longer stance phase on their intact limb and a shorter 
stance phase on their prosthetic limb, along with reduced stride length and gait speed [6, 7]. This altered 
gait pattern is thought to be one of the compensatory mechanisms for lack of prosthetic limb control 
which has been attributed to the absence of typical proprioception, pain in the residual limb, decreased 
confidence in the prosthetic device, as well as decreased balance post-amputation [7]. Furthermore, those 
with lower limb amputations tend to develop a Trendelenburg gait pattern with overcompensation from 
increased posterior pelvic tilt to increase overall stability [23, 24]. These compensations are known 
contributors in the development of LBP [4].  
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Side-to-side differences in spinal function related to LBP may be manifested as asymmetric activation 
patterns of key lumbopelvic stabilization muscles, such as the multifidus muscle (MF). The MF has been 
shown to activate concentrically during ipsilateral heel strike and eccentrically during contralateral heel 
strike. MF activation also increases with faster walking speeds [25]. The MF is a small but critical muscle 
that contributes to stability in the lumbar region [26]. MF is specifically designed to accomplish this with 
a mix of slow (Type I) and fast twitch (Type II) fibers, a larger proportion being Type I providing postural 
stability, attenuating rotational forces through the trunk, and maintaining lumbar lordosis [27]. 
Electromyography (EMG) studies of MF have shown increased activation amplitudes during gait in 
individuals with LBP, specifically during ipsilateral heel strike and stance phase [28]. Asymmetrical 
movement patterns from altered gait can lead to side-to-side activation differences of the lumbopelvic 
muscles, specifically the MF, and ultimately resulting in imbalances in spinal joint loading, muscle size 
and performance [29]. People with LLA who have LBP demonstrate greater lumbar rotation and 
excursion during gait in the transverse plane when compared to people with amputations without LBP, 
which could potentially lead to accumulated damage and strain over time. 
 
Previous studies have shown that individuals with chronic unilateral LBP exhibited a decrease in MF 
cross-sectional area (CSA) on the ipsilateral side and at the same vertebral level as the LBP symptoms 
[30, 31]. Overall, researchers have found the greatest atrophy to be at the L4 and L5 vertebral levels [30]. 
Research from Barker et al in 2004, observed significant correlation between decreased unilateral CSA of 
lumbar MF and the severity of LBP with selective ipsilateral atrophy in non-amputee populations [32]. 
MF atrophy corresponds directly to the site of nerve root compression or irritation. There have been 
several theories for the cause of this atrophy including disuse, pain inhibition, and inflammatory processes 
[31-36]. Additionally, individuals with LBP have been shown to exhibit a decreased ability to voluntarily 




Ultrasound imaging (USI) has also been utilized to measure MF thickness. Wallwork et. al in 2007 
reported that thickness imaging in the parasagittal plane enabled measurement and visualization of muscle 
fiber recruitment during contraction and during rest [30, 37]. Subjects with LBP have been found to have 
decreased recruitment of lumbar MF compared to healthy controls exhibiting reduced thickness of MF. 
Many previous studies have been done using ultrasound imaging to examine the CSA and thickness of 
MF, specifically in non-LLA populations [37-40]. No articles were found using USI to look at MF 
specifically in LLA populations with and without LBP.  
 
As a result of MF dysfunction, patients with LBP have also demonstrated reduced back extensor strength 
[41, 42]. Since MF is active during trunk extension in a prone position, it can be partially implicated in 
this strength reduction and therefore, a possible causative factor of LBP [21]. Decreased muscle 
endurance performance captured by the Biering-Sorensen test is a common finding in those with LBP and 
has been suggested to potentially have the highest association with LBP [21]. Some researchers have 
proposed that individuals who demonstrate poor back extensor endurance are at higher risk of 
experiencing LBP due to the additional stress on passive supporting lumbar spinal structures [43, 44]. 
This increased risk could potentially be higher for those with an AKA. It has been theorized that 
following amputation, overall physical activity level decreases, which may lead to diminished back 
extensor endurance [21]. This can result in reduced muscle performance and contribute to the 
development of LBP in people with LLA. 
 
While there is an abundance of evidence regarding LBP in the general population, increased prevalence 
and a gap in the current research on LBP in people with LLA highlights the importance of further 
investigation [19, 30, 31, 41, 45]. The purpose of this study was to investigate functional characteristics 
and the anatomical attributes of the lumbo-pelvic muscles in people with lower limb amputation who 






IRB approval was obtained prior to recruitment of participants. A goal of 18 participants over the age of 
18 were expected to be recruited with 6 individuals with LLA and LBP that limited them from daily 
activities in the last 12 months, 6 individuals with LLA without activity limiting LBP, and 6 individuals 
in the control group without LLA and without LBP. Inclusion and exclusion criteria are listed in Table 1. 
Recruitment flyers were posted throughout the University of Nevada, Las Vegas (UNLV) campus and in 
the Las Vegas metropolitan area in affiliated prosthetic clinics, physical therapy clinics, and hospitals. In 
addition to the use of flyers, word of mouth and internet/email communications, as well as social media 
including Facebook and Instagram, were also used for recruitment of participants. 
Inclusion Criteria 
Aged 18+ 
Unilateral above-the-knee amputation 
Reported at least 1 episode of lower back pain that has 
limited them from daily activities in the last 12 months 
No history of back pain prior to amputation 
Exclusion Criteria 
Low back surgery 
Bilateral leg pain 
Radiological/clinical diagnosis of spinal stenosis 




Allergy to adhesives 
Involved in current litigation 
TABLE 1: List of Inclusion and Exclusion Criteria 
Questionnaires 
The following questionnaires were selected to evaluate severity of LBP and quality of life: the Oswestry 
Low Back Pain Disability Questionnaire, SF-36, PROMIS-29, Houghton Scale, and Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) [9-11, 13, 46]. Participants provided a subjective 
report of current, best, and worst pain over the previous 7 days on a VAS scale. The psychometric 
properties for each outcome measure have been previously validated. All questionnaires and informed 




US Imaging Reliability Testing 
As USI appears to have good reliability for measuring both CSA and thickness in non-LLA populations 
[30, 38, 47], a General Electric NextGen LOGIQe scanner (GE Healthcare, Milwaukee, WI, USA) with a 
linear transducer was used for this study. Ultrasound images for measurement of the intra-rater reliability 
of ultrasound measurements were obtained among 3 research team members.  
 
Multifidus Cross-Sectional Area 
To measure MF CSA participants were placed prone on a therapy table. Neutral spinal alignment of 0-5 
degrees of lordosis was measured with an inclinometer placed longitudinally on the spinous processes of 
L5 and S2, centered on S1 [48]. A pillow was placed under the participant’s abdomen to decrease lumbar 
lordosis if needed. Researchers first identified the bilateral posterior superior iliac spine (PSIS) and used 
that to identify the S2 spinous process. Researchers then palpated superiorly to find L5, L4, and L3 
spinous processes [49]. The spinous processes of L3-L5 were marked with a pen and USI was used to 
confirm identification of the spinous processes. Using the same GE LOGIQ e9 scanner from the 
reliability testing, ultrasound images for CSA were captured with the transducer in the transverse plane. 
All images were taken in the plane of the facet joints to visualize the deepest portion of the MF as well as 
for standardization between participants. The order in which the US images were captured was 
randomized between sides and levels using an online random number generator. Bilateral images were 
taken at L3, L4, and L5 levels [40]. MF CSA measurements were statistically compared as individual 




The first image was taken directly over the spinous process. The transducer was then moved over to either 
the left or right side while maintaining contact with the skin. The second image was captured when the 
facet joint was clearly visible and showed the most reflection. The transducer was then lifted off of the 
back and placed over the spinous process at the same level and moved to the opposite side while again 
maintaining contact. The third image was captured when the facet joint was the most visible. This process 
was repeated for each of the subsequent levels [49]. Gain was adjusted per person at the discretion of the 
researcher to optimize delineation of the fascial lines and facet joints [48]. CSA was measured offline 
using Image J software (ImageJ, 1.51m9, National Institutes of Health, USA), to trace the outline of the 
muscle, as shown in Figure 1. The same GE LOGIQ e9 ultrasound was used to capture all images with a 
preprogrammed hip imaging selection, frequency at 10 MHz and depth at 8 cm. 
 
Multifidus Thickness 
Participants remained in the same position from CSA imaging for thickness imaging with thickness 
images captured directly following CSA imaging. Thickness images were only captured at the L4 level, 
with side was randomized to each participant [48]. The transducer was placed on the back longitudinally 
over the L4 spinous process and then moved to either the right or left while maintaining contact on the 
skin. The transducer was angled medially to view the L4/5 facet joint. The image was then captured for 
resting thickness. The participant was then asked to perform contralateral hip extension to approximately 
FIGURE 1: US imaging of Multifidus and CSA delineation 
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5cm off of the table. A second image was captured for contracted thickness. This process was repeated on 
the opposite side [48]. The images were also analyzed offline using Image J software. Measurements 
were taken from the most superficial point of the facet joint to the facial line, as seen in Figure 2. MF 
thickness measurements were compared as individual sides between participants.  
 
 
Ultrasound Imaging Reliability 
To establish measurement reliability, five healthy participants without history of LBP were asked to come 
in on 2 occasions, 7 days apart. Following the same protocol as above, USI were captured bilaterally on 
each level from L4-S1. The transducer was lifted following each measurement and placed back onto the 
spinous process in preparation of taking the next image. MF thickness was captured by utilizing the USI 
transducer longitudinally at L4 and L5 spinous levels during contraction and relaxation. Image J software 
was then used to measure the CSA of each MF, for a total of 12 captured images by each group member. 
To find intra-rater (test-retest), an Intraclass Correlation Coefficient (ICC model 2,1) was calculated with 










The HUMAC NORM dynamometer (Model 770, CSMI, Stoughton, MA), as seen in figure 3, was utilized 
to measure muscle torque output in N-m, produced by lumbar extensors. Participants laid prone on the 
table with straps over the calves just distal to the knee, and ankles to secure them to the table. A 
researcher provided additional manual stabilization on the thighs. Participants with amputations kept their 
prosthesis on to aid in stabilization for the test. The axis of the dynamometer was placed in line with the 
level of the L4 vertebral body. The lever of the dynamometer was placed above the level of the spine of 
the scapula. Participants were instructed to place their hands behind their head and lift their head and 
chest off the table, pushing into the lever as forcefully as possible. Each participant was allowed to 
perform a practice trial to become accustomed to pushing into the dynamometer lever. A series of three 
data collection trials following the practice trial were performed, each consisting of 5-second maximal 
back extensor contractions, followed by a 1-minute rest interval between each trial. Researchers gave 
positive verbal encouragement during the entirety of the test. 
 
Endurance Testing 
The Biering-Sorensen test was used to test back extensor muscular endurance. Using the methodology 
from Friel, et al, with minor additions, participants were instructed to lay prone on a table with bilateral 
anterior superior iliac spine (ASIS) at the edge of the table, with the trunk unsupported off the table, as 
shown in Figure 4 [21]. Each participant had two belts securing them to the table, one over the calves just 
FIGURE 3: HUMAC NORM Dynamometer back 
extension force production test position 
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distal to the knee, and one over the ankles with additional manual stabilization on the thighs and the distal 
legs by a researcher. Participants with amputations kept their prosthesis on during the test to aid 
stabilization of the leg. To indicate a neutral horizontal position, a thin chain was placed around the 
participant’s neck with a ball attached to the end, adjusted so the ball was off the bench when they were 
horizontal. Participants were instructed to fold their arms across their chest prior to the beginning of the 
test and then straighten their back to lift the ball from the bench and hold the position until failure. Time 
was recorded from when the ball was lifted off to when the ball touched the bench for greater than 3 




Data was analyzed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, 
USA), with statistical significance assigned a priori at p<0.05. Comparisons across all three groups were 
examined using one-way ANOVAs. Any statistically significant result from the ANOVA was subjected 
to pairwise post-hoc tests with a Bonferroni adjusted alpha. Independent t-tests were used to examine 
differences between the two amputee groups.  
 
RESULTS 
The intra-rater reliability of US measurements among the researchers ranged from ICC2,1=0.60-0.99. The 
researcher with the best reliability (0.99) collected all of the US imaging data for the main study.  
FIGURE 4: Biering-Sorensen test position 
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A total of 12 participants (7 amputees and 5 controls) were recruited to participate in the study with one 
participant being excluded due to prior history of lumbar fusion surgery. Eleven participants (all male) 
met the inclusion criteria, participant demographic data are presented in Table 2.  
Variable All (n=11) Control (n=5) No LBP (n=3) LBP (n=3) 
Age (years) 50±12.25 45.4±7.47 43.67±7.77 64.0±13.08 
Height (cm) 177.34±7.08 178.82±8.15 171.87±5.29 180.34±5.08 
Weight (kg) 82.92±13.97 87.82±12.11 81.04±22.23 76.66±8.02 
Time Since Amputation 
(months)   207.0±194.83 94.0±117.01 
NOTE: values are Mean ± SD 
TABLE 2: Descriptive Statistics of Participant Characteristics 
The results for pain from VAS and the outcome measures are in Table 3 with significant results in worst 
pain (2.64±3.26, p=0.003) with the LBP group reporting higher pain levels than the control and the no 
LBP group (LBP to Control, p=0.008; LBP to No LBP, p=0.006). The SF-36 Physical Functioning was 
also significant (88.18±18.06, p=0.032), with the LBP reporting increased difficulty compared to the 
control (p=0.33). The Promis-29 Physical Function was significant (50.37±9.89, p=0.035) with the LBP 
group reporting increased disability compared to the control (p=0.036). The Oswestry was significant as 
well (6.36±10.95, p=0.031), however only displayed a trend (p=0.051) with the LPB group reporting 
increased difficulty compared to the control. The WOMAC also displayed significance (10.01±13.19, 
p=0.017) with the LBP reporting increased pain and stiffness compared to the control (p=0.017).  
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Variable All (n=11) Control (n=5) No LBP (n=3) LBP (n=3) P-Value 
Current Pain (VAS) 0.73±1.10 0.4±0.88 0.33±0.58 1.67±1.53 0.241 
Best Pain (VAS) 0.27±0.65 0.0±0.0 0.0±0.0 1.0±1.0 0.052 
Worst Pain (VAS) 2.64±3.26 1.40±2.20 0.33±0.58 7.0±1.73* 0.003* 
SF-36 - Physical Functioning 88.18±18.07 100±0 88.33±16.07 68.33±20.82* 0.032* 
Promis-29 - Physical Function 50.37±9.89 56.9±0 50.17±11.66 39.7±8.67* 0.035* 
Oswestry 6.36±10.95 2.0±2.82 0.67±1.16 19.33±15.28* 0.031* 
Womac 10.01±13.19 1.0±1.41 9.7±11.62 25.34±13.26* 0.017* 
Houghton (independent t-test)   12±0 10.33±1.16 0.130 
NOTE: values are Mean ± SD 
*Indicates significant results 
TABLE 3: Pain and other patient-reported outcome measures 
Table 4 shows the results from the dynamometer and Sorensen’s test. The Sorensen’s test was 
significantly different between all groups (93.20±54.44, p=0.033), and post-hoc analysis revealed the 
LBP group had a significantly shorter time on the Sorensen’s test than the no LBP group (102.83±32.49 
seconds, p=0.040). Additionally, the LBP group had a shorter average time on Sorensen’s test 
(32.66±52.5 seconds, p=0.033). Figure 5 below illustrates these times. There was a trend toward a 
significant difference among the groups maximal voluntary isometric contraction (MVIC) during 
dynamometer testing (131.88±56.83, p=0.065) with the LBP group having less torque than the other 
groups. 
Test All Control No LBP LBP P-value 
Sorensen’s test 
(sec) 93.21±54.44 104.17±16.56 135.49±55.05 32.66±52.5* 0.033* 
Dynamometer 
(N/m) 131.88±56.83 151.33±44.80 161.33±57.18 70.0±29.54 0.065 
NOTE: values are Mean ± SD 
*Indicate significant results 




FIGURE 5: Spinal Extensor Muscle Endurance as Measured by the Sorensen's Test 
Cross-sectional area, as measured with USI, compared left and right sides at the corresponding spinous 
levels between groups. Although there was no statistical significant differences among the CSA 
measurements across groups at all spinous levels for CSA, the LBP group exhibited a generally smaller 
measurement bilaterally compared to both no LBP and Control groups. See Table 5 for CSA data. 
Measurement All Control No LBP LBP P-value 
L3 
R 2.48±0.98 2.37±0.47 3.04±1.79 2.11±0.67 0.530 
L 2.40±1.00 2.27±0.34 2.93±1.73 2.08±1.08 0.590 
L4  
R 3.23±1.22 2.86±0.69 3.99±2.04 3.10±1.04 0.480 
L 3.1±1.26 2.77±0.70 3.77±1.94 2.97±1.51 0.598 
L5  
R 4.55±1.21 4.44±1.29 4.91±1.83 4.38±0.61 0.860 
L 4.42±1.13 4.36±1.07 4.66±1.81 4.29±0.85 0.930 
NOTE: values are Mean ± SD 
TABLE 5: MF Cross-Sectional Area (CSA) differences between groups 
In regard to the MF thickness, no statistical significant difference were detected among the groups. The 
largest differences among the means were seen when looking at the difference between resting and 
contracted thickness on the left side between all groups (p=0.170, Table 6). 















All Control No LBP LBP
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Measurement All Control No LBP LBP P-value 
Resting Thickness (cm) 
R 3.39±0.65 3.32±0.76 3.46±0.57 3.42±0.77 0.960 
L 3.28±0.66 3.21±0.77 3.35±0.61 3.35±0.79 0.950 
Activity Thickness (cm)  
R 4.0±0.83 3.88±1.0 4.25±0.57 3.95±0.99 0.850 
L 3.85±0.72 3.88±0.92 3.97±0.37 3.68±0.85 0.900 
Change in thickness  
R 0.61±0.35 0.056±0.041 0.79±0.42 0.53±0.22 0.650 
L 0.57±0.26 0.68±0.25 0.62±0.28 0.33±0.08 0.170 
NOTE: values are Mean ± SD 
Measurements are from L4 multifidus 
TABLE 6: MF Thickness measurements between groups 
 
DISCUSSION 
Several of the outcome measures revealed significant differences among the groups for pain and function. 
The SF-36 and Promis-29 were only significantly different among groups on the physical functioning 
portion of the test. This indicates that those with LBP had decreased physical function. Taken together we 
found that the LBP group had significantly more pain, decreased physical function and increased 
disability compared to the no-LBP and control groups. This is important because LBP appears to be a 
large contributor to the way amputees perceive their abilities. Those with LLA without LBP had greater 
perceived function than those with LBP and decreasing pain could have positive impacts. 
 
 There was no statistical difference in MF CSA or thickness measurements between the groups. There 
was however, high variability in the measurements, which can be attributed to our small sample size 
creating a Type II error. Additional participants may be needed to achieve proper statistical power. 
However, the LBP group consistently exhibited smaller average muscle CSA and thickness measurements 
in all levels when compared to their counterparts, despite the non-significant results. The bilateral 
comparisons showed that the side with smaller MF among people in the LBP group was typically the 
same side as their amputation. There are several possible causes for this, including unilateral deviation, 
asymmetrical gait, abnormal neuromuscular recruitment, disuse-related fatty infiltration, and conversion 
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of Type II muscle fibers to Type I [30-36, 50]. The lack of findings in differences between averaged CSA 
and thickness between sides indicates ultrasound imaging may not be the best imaging technique for these 
muscles due to its inability to account for muscle quality such as the amount of fatty infiltration and fiber 
type. As stated above, according to Sions, J.M. et al, morphological changes were seen in MF with people 
with back pain, such as fatty infiltration [48]. MRI has been shown to be more reliable and accurate at 
delineating between different types of tissue for improved accuracy of measuring muscle quality [38]. 
Additional research should investigate the size difference in the amputee population with LBP utilizing a 
larger sample size or longitudinally.  
 
The 3 participants with LLA and LBP all had generalized pain and were unable to specify a more affected 
side. As stated above, LBP can cause compensatory movements and altered mechanisms, which in turn 
may cause a difference of muscle size and morphology in the MF. These changes and differences seen in 
MF, such as increased fatty-infiltration, may explain the inability to detect any difference in size or 
thickness this study. 
 
Although differences between groups in back extension strength were not significant, there was a trend 
toward significance with the LBP group demonstrating diminished strength than the no LBP group. 
Individuals with LBP develop compensatory strategies during static standing and gait due to muscular 
inhibition from pain and may be unable to fully recruit MF and erector spinae muscles resulting in 
decreased maximum torque production [15]. It is also possible that morphological changes experienced in 
the muscles of people with LBP, including fatty infiltration into the MF leads to decreased neuromuscular 
efficiency and decreased force production [48].  
 
Statistically significant differences in spinal muscle endurance were found between participants with LLA 
and LBP, with LLA but no LBP, and healthy controls. Those with LBP have decreased back extensor 
endurance compared to those with no LBP. This could be a contributing factor in the higher incidence of 
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LBP among people with amputation as the MF are important spinal stabilizers during activity [14] and 
MF weakness has been previously identified as a risk factor for developing LBP [15]. 
 
Study Limitations  
The use of US imaging to measure CSA and thickness of MF proved to be difficult. Properly performing 
measurements of the images requires clear pictures that can delineate fascial lines and distinguish the MF 
from the paraspinal muscles. This proved to be challenging as the picture quality varied between 
participant even with similar imaging settings and quality. Also, fatty infiltration within the muscle 
cannot be accounted for in the CSA of MF, which can overestimate the muscle present in CSA 
measurements [48]. Additionally, fatty infiltration causes muscular borders to be more difficult to 
identify, which in turn increases the potential for error. Although fatty infiltration is unable to be 
accounted for in USI, others have combined USI with electromyography (EMG) and found that the 
change in thickness as measured with USI is a valid way to measure muscle activation and has good 
correlation (r=0.79) with EMG [37]. In their study they also observed that a lower percentage of maximal 
voluntary contraction (MVIC) had higher correlation (19-34%) with muscle thickness [37]. These 
findings help to decrease the potential error from intramuscular fatty infiltration on our CSA 
measurements [50]. Additionally, we utilized a small-width linear transducer, which limited the available 
area that can be seen when measuring the MF. Among individuals with a larger MF, our US images may 
not have included all of the muscle for accurate CSA measurement. The small sample size of this study 
could explain why there is such a high degree of variability in the measurements. 
 
Our control group was not age-matched with both LLA groups. Our groups demonstrated similar mean 
age, however our LLA and LBP group had 2 subjects who were age 70 and 73 and we were unable to find 
close age-matched controls for these individuals. An appropriately matched group would depict a more 
accurate representation of the population being researched. Previous work has demonstrated that as we 
age, muscle cells undergo changes, specifically atrophy and overall decreased proportion of Type II (slow 
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twitch) fibers resulting in a decreased amount of force production and lower endurance in older 
populations [51, 52]. A specific aged-matched control group should be utilized to match similar muscle 
morphologies as well as size of the MF. This demonstrates why aged-matched controls are necessary to 
validate claims of this study.  
 
CONCLUSION 
Our findings suggested that individuals with LLA and LBP exhibited decreased spinal muscle endurance 
when compared to people with LLA without LBP. This finding suggests LBP and not LLA has significant 
negative effects on muscular performance tasks. This group was also found to have increased pain when 
compared with both LLA without LBP and healthy controls and decreased physical function when 
compared to healthy controls. Interestingly, decreased physical function was only found among the LBP 
group and healthy controls, suggesting LBP symptoms can cause greater changes in physical functioning 
and subsequent disability. Clinicians should specifically evaluate these deficits in this population. Our 
findings will also help guide treatments for amputees with LBP specifically targeting back extensor 
endurance and strength. Addressing lumbopelvic muscular deficits in individuals with LLA may help 
prevent LBP and decrease pain and improve the quality of life and physical functioning of those with 
LBP. More research needs to be conducted in this field with larger sample sizes in order to determine if 
the trends observed in this study are truly significant differences among LLA with LBP, and further 
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